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（1）福建沿海主要验潮站海平面除了显著的季节变化外，还存在 2.4a 和 6～









位站数据分析表明，福建沿海近 54 年（1960～2013 年）相对海平面上升速率约
为 2 mm/a, 近 20 年（1993～2012 年）相对海平面上升速率为 3～4 mm/a；而卫
星高度计观测结果表明，福建近海区域近 20 年（1993～2012 年）绝对海平面上





















（5）福建沿海在每年的 4 月至 11 月间均可能发生风暴潮，风暴潮存在显著
的季节变化，主要集中在 7～9 月这三个月中，此三个月中风暴潮次数占一年中
的 70%以上。对风暴潮增水进行分级统计，发现福建沿海风暴潮增水大部分集中
在 150cm 以下，其中在 50～100cm 这一区间的最多，表明福建沿海风暴潮增水
并不严重。 
（6）对福建沿海 4 个主要验潮站风暴潮年际变化进行统计发现分别在
1960～1965 年、1990～1995 年和 2000～2005 年三个时段内出现峰值。福建沿海
4 个主要验潮站风暴潮过程最大增水和高潮位最大增水分析结果表明各站年最
大增水基本维持在 110cm 上下波动，高潮位最大增水维持在 80cm 上下波动。过
程最大增水和高潮位最大增水的年代际变化特征并不明显。 
（7）福建沿海验潮站高潮位最大增水的分析表明高潮位最大增水分布也是
在 7～9 月居多，这三个月的占全年总数的 60%以上。东山、厦门和平潭站高潮
位增水超过 50cm 以上的次数在 8月最多，崇武站则是三个不同等级的最多月份
在 7～9 月均有分布。 
（8）福建沿海各站超警戒潮位次数分析表明，除个别年份验潮站未出现超
过当地警戒潮位外，其余年份大部分出现 1～2 次超过当地警戒潮位。从 2000
年后，各站超警戒潮位次数呈增加趋势。在 2013 年，东山、厦门和崇武站出现
























Sea level rising can intensify storm surge and floods, coastal erosion and sea 
water intrusion, which cause damage to the human living environment, so the study of 
sea level change on disaster prevention and mitigation work is of great importance. 
This study focuses on the trend and spatial variation of sea level rising, and on their 
mechanisms. The seasonal and inter-annual variations and the long-term trend of the 
sea level in off shore Fujian coastal were investigated using tidal observations at the 
tide gauge stations and AVISO satellite altimeter data (1993～2012). Fujian coast is 
frequently affected by typhoon, which often bring severe storm surge disasters. This 
work uses the data of storm surges to analyze the the characteristics of storm surges 
along Fujian coast. The main findings are as follows: 
(1) For sea level observed by Fujian coastal tide gauges, significant periods 
are also 2.4a and 6 ~ 8a in addition to obvious seasonal variations. There is also a long 
period of more than 16a. The long-term linear trend is between 1.5 ~ 2.5 mm/a. 
(2) EOF analysis results show that the first two modes mainly reflects the 
seasonal variation of sea level, and the third mode includes both seasonal signal and 
interannual variation signal. The power spectrum of the interannual signal is larger, 
indicating that the third mode mainly reflected the interannual variation. The wavelet 
transform analysis on the third mode time coefficient of maximum entropy spectrum 
shows a significant 3-year period. Correlation analysis demonstrates that time 
coefficient correlates well with ENSO index, suggesting that the ENSO produced 
certain effect on Fujian coastal sea level. 
(3) Using the least squares fitting method for sea level obserations at tide 
stations and satellite altimeter data separately, the results show that in recent 54 years 
(1960 ~ 2013) relative sea level rise rate is about 2 mm / a, and in nearly 20 years 
(1993 ~ 2012) relative sea level rising rate is 3 to 4 mm / a. Satellite altimeter 
observation results show that in recent 20 years (1993 ~ 2012) absolute sea level 
















(4) The main factors influencing the seasonal variation of sea level in Fujian 
sea are the wind field and sea surface temperature. Wind driven water volume 
transport and water volume thermal expansion jointly influence the seasonal variation 
and distribution of sea level. Their roles played in the coastal sea and open ocean are 
different in different seasons. Along Fujian coast, seasonal change under the influence 
of wind field is dominant in the seasonal change of sea level, but in the open ocean, 
both wind field and sea surface temperature (water thermal expansion) are important. 
(5) Along the coast of Fujian Province storm surges usually happen during the 
period from April to November. Storm surges show obvious seasonal variations. 
During the period from July to September, storm surges account for more than 70% of 
those in the year. It was found that the storm surge in Fujian were mainly less than 
150cm, most in 50-100 cm, indicating that storm surges are not serious along Fujian 
coast.  
(6) The peak storm surges at four main tidal stations along Fujian coast were 
found in three periods of 1960 ~ 1960, 1990 ~ 1995 and 1995 ~ 2000. Annual 
maximum storm surge fluctuated about 110 cm, and that at high waters is about 80 cm. 
The interdecadal variation of the maximum surge is not obvious. 
(7) At Fujian coastal tide stations high storm surges mainly appeared from July 
to September accounting for more than 60%. Storm sruges of more than 50 cm at 
Dongshan, Xiamen and Pingtan station mostly occurred in August. At Chongwu 
station storm surges of all three grades could occurred from July to september. 
(8) Along Fujian coast high sea level surpassing warning tidal level appeared 
1～2 times per one year except few years. The number tends to increase since 2000. 
In 2013, there were three times at Dongshan, Xiamen and Chongwu stations, and 
twice at Pingtan station. Thses indicate a rising trend of dangerous storm surges. 
 
Key words: Sea level; Storm surge; Seasonal variation; Inter-annual variation; Fujian 














第 1 章 绪论 
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变暖背景下海平面上升成为全球关注的焦点研究 (Burton I et al.，1998； kant et 
al.，2009)，海平面上升成为全球性重大环境问题之一。为了更好应对气候变化，
联合国环境署(UNEP)和世界气象组织(WMO)在 1988 年专门成立了政府间气
候变化专业委员会(Intergovernmental Panel on Climate Change，IPCC),其主要职
责是分析并预测全球温室气体的变化、气温变化及海平面的变化，并为联合国制
定相关协议提供科技支撑。 2007 年 IPCC 第四次气候变化评价报告(AR4)指出,
自 1961 年以来,全球平均海平面上升速率为 1.8±0.5mm/a，而到了 1993 年以后,
这个数据就增大到了 3.1±0.7 mm/a (IPCC, 2007)。报告利用数值模型预测 21 
世纪的海平面变化，指出到 21 世纪末全球平均海平面将上升 0.18～0.59m（林
琛琛，2014；李艳芳，2012）。 
1.1.2 研究意义 
据统计，目前全球超过 70% 的人口生活在沿岸平原，占世界上总人口 60%
的人口居住在距离海岸 100km 的地区, 其中 10% 的人口更是居住在海拔高度
不足 10 m 的沿海地带。而在全球前 15 个特大城市中，其中 11 个就位于沿海或
河口地区。而中国的 4 个一线城市北京、上海、广州和深圳，除北京外其他 3
个均位于沿海河口地区，这些大城市普遍面临风暴潮、洪灾、海水入侵、土地侵
蚀流失、强热带风暴的威胁，人口密集、经济发达的沿海城市群是最脆弱的地区。














































和经济发展的影响。根据国家海洋局 2014 年发布的海平面公布显示 1980 年至



























中于南海和东海的外缘海域（Hu et al.,2000；Liu et al.，2001；刘秦玉等，2001，
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